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(57) ABSTRACT 
Improved process for producing a complex elastic 
molded structure of the sandwich type, consisting of a 
core of polyurethane foam (10) surrounded by a skin, of 
which at least a part is reinforced with a reinforcing 
textile sheet (5, 6) impregnated with a thermosetting 
resin adhering to said foam, which process consists in: 

firstly depositing on one of the faces (4) of a mold 
intended to be closed by a cover (2) an assembly 
comprising a stiffening element (12) and a semirigid 
reinforcing textile sheet (6), preimpregnated with a 
solventless, non-tacky epoxy resin, 

then closing the cover (2) of the mold (1) so as to 
define, together with said assembly, a volume cor 
responding to the volume of the core which is to be 
formed; 

then injecting into the volume thus defined the reac 
tional mixture forming the polyurethane foam, 

and finally allowing the product to cool and opening 
the mold (1) to withdraw the resulting elastic com 
plex molded structure. 

1 Claim, 3 Drawing Sheets 
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1. 

PROCESS FOR PRODUCING A COMPLEX 
ELASTIC MOLDED STRUCTURE OF THE 

SANDWICHTYPE 

This is a continuation of application Ser. No. 240,957, 
filed Sep. 6, 1988, now abandoned. 
The invention relates to a process for producing a 

complex molded structure, more particularly an indus 
trial, automatable process of this type; it also relates to 
composite structures obtained in this manner. 

In the remainder of the description and in the claims 
the expressions "textile sheets" and "reinforcing sheets' 
include not only individual sheets of parallel unidirec 
tional threads, optionally superimposed, but also bidi 
rectional cloths, such as fabrics (woven, knitted or 
stitched), netting, braiding, and also webs, non-wovens 
and complexes formed from such materials, particularly 
by needle bonding, stitching or the like. 
For the production of composite flexion strips it has 

already been suggested to stack unidirectional sheets 
coated with unpolymerized resin (complexes often 
called "preimpregnated sheets" or "prepregs"), to place 
the complex in a mold to compact the material by pres 
sure, and finally to apply heat in order to harden the 
resin. In this way a quasi-homogeneous composite mate 
rial suitable as a substitute for steel spring leaves is ob 
tained. 

Unfortunately, this technique is still expensive and 
the material obtained is heavy, so that its industrial uses 
are considerably limited. 

It has also been proposed to produce composite strips 
by joining a core of rigid expanded thermosetting resin 
to at least one reinforcing sheet intended to provide the 
structure with mechanical strength, particularly under 
stress, while the core lightens the structure. 
Various industrial processes exist for the assembly of 

these composite strips. 
The process comprising adhesive bonding of the 

component parts with the application of heat and pres 
sure, although in use, is lengthy and expensive and gives 
rise to random stresses in the final composite structure. 
The so-called "wet process' consists in placing in the 

mold sheets freshly impregnated with a first thermoset 
ting resin, particularly an epoxy resin, then a light core, 
for example of wood or expanded foam of a another 
rigid thermosetting material, for example polyurethane. 
When the assembly is subjected to pressure and heat, 
the first lamination resin serves as adhesive and the 
sheets are thus bonded to the core. This technique, 
which is likewise in use, ensures good adhesion of the 
components to one another, but is still lengthy and 
expensive. In addition, the utilization of freshly impreg 
nated reinforcing sheets makes it necessary to use these 
sheets within a very short time (a few minutes) and is 
difficult to automate because these sheets are tacky to 
the touch. 

It was then proposed to replace these freshly impreg 
nated sheets, the use of which is delicate, by preimpreg 
nated sheets, that is to say sheets coated with unpolym 
erized resin but only slightly or not at all tacky to the 
touch. For example, in French Patent FR-A-2435343 a 
process has been described for the preparation of ob 
jects having a core of polyester foam covered with a 
cloth impregnated with polyester resin, this process 
taking advantage of the exothermicity of the cross-link 
age of the foam. This technique, which is suitable for 
the production of bulky bodies subjected to little defor 
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2 
mation, such as sailboards, has the disadvantage of 
being restricted to polyester and therefore of offering 
only low adhesion and expansion possibilities, thus re 
sulting in high density. 

It was then proposed first to place in a mold prepo 
lymerized, and therefore rigid, sheets of reinforcing and 
mechanization textiles, then to inject into this mold the 
liquid monomer components of a rigid expanded ther 
mosetting resin, for example isocyanates and polyhy 
droxylated compounds, in order to prepare, a polyure 
thane foam. For example, in U.S. Pat. No. 3,940,468 a 
process of the type in question is described in which, in 
order to assist the adhesion of the reinforcing textile 
material to a rigid core of polyurethane foam, use is 
made of polyester impregnating resins having special 
characteristics, once again taking advantage of the exo 
thermicity of the foam polymerization reaction. This 
very lengthy process has the same disadvantages as 
those described above because of the stickiness of the 
polyester impregnated sheets. Furthermore, this tech 
nique does not make it possible for other stiffening ele 
ments, such as steel strips, to be incorporated in the 
assembly, because the poor adhesive properties of res 
ins, particularly polyester, do not ensure adequate bond 
ing of these elements to one another. 

SUMMARY OF THE INVENTION 

The invention obviates these disadvantages. It relates 
to an improved process for the production of an elastic 
complex molded structure of the sandwich type, com 
prising a rigid expanded, and therefore light, core rein 
forced by textile sheets which adhere firmly to the core, 
which process is easy to carry out, quick and economi 
cal, can be automated, and results in complex structures 
having excellent mechanical properties and low in 
duced stresses, which are therefore reproducible, so 
that this process provides homogeneous structures. 

This process for producing a complex elastic molded 
structure consisting of a core of polyurethane foam, 
surrounded by a skin, of which at least a part is rein 
forced with a reinforcing textile sheet impregnated with 
a thermosetting resin adhering to said polyurethane 
foam, consists in: 

*firstly, depositing on at least one face of a mold in 
tended to be closed by a cover an assembly comprising 
a first stiffening element and a first semirigid reinforcing 
textile sheet, preimpregnated with a solventless, non 
tacky epoxy resin, to which an expanding polyurethane 
foam can adhere and whose adhesive and stratification 
properties are developed by a rise in temperature; 

then closing the cover of the mold so as to define, 
together with said assembly, a volume corresponding to 
the volume of the core which is to be formed; 

then injecting into the volume thus defined the reac 
tional mixture of the two components of the polyure 
thane foam, namely polyols and isocyanates, which 
expand and adhere to the reinforcing textile sheet, then 
harden in situ by an exothermic reaction, thus effecting 
a rise in temperature capable of at least partly develop 
ing the adhesive and stratification properties of the 
sheet preimpregnated with epoxy resin; 
and finally allowing the product to cool and opening 

the mold to withdraw the resulting elastic complex 
molded structure. 

In other words, one of the original features of the 
invention consists in replacing the wet impregnated 
fabric with a preimpregnated fabric, which is certainly 
known in another connection, but with care being taken 
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to select, from all the prepregs available, the epoxy 
prepregs which, in combination with the polyurethane 
foam, cooperate at the interface with the stiffening ele 
ment to form an adherent assembly enabling the result 
ing complex structure to take deformations of great 
amplitude without giving rise to permanent deforma 
tion or entailing delamination phenomena. 

In the Patent U.S. Pat. No. 3,940,468 mentioned 
above, which makes use of a polyester impregnated 
textile element, it is not possible, as has already been 
stated, to incorporate a stiffening element, particularly a 
metallic element, without risk of delamination. 
During its expansion, and its hardening, the foam 

gives rise to an exothermic reaction and produces a 
considerable increase in pressure in the mold, and 
against the walls of the mold, which has the effect of 
pressing the reinforcing and stiffening sheets against the 
mold walls, thus bringing them close to the surface of 
the composite structure. 
The chemical reaction which occurs after the injec 

tion phase and during the expansion must necessarily be 
exothermic. The foam thus formed therefore adheres 
because of this action to the reinforcing textile sheets. 
The heat thus liberated by this reaction contributes 
towards initiating the hardening reaction of the non 
cross-linked impregnation resin in the reinforcing 
sheets. The complete hardening of the foam takes place 
before the complete hardening of said resin, which in 
turn can be completely cross-linked by additionally 
heating the mold. It is obviously quite possible to re 
move the molding from the mold when the foam has 
hardened and when the resin is only starting to harden 
in order to complete the hardening in a stove. The inti 
mate connection between the second impregnating 
resin, which constitutes the matrix of the reinforcing 
sheet, and the first expanded resin ensures excellent 
bonding between the different component elements of 
the complex structure. 
As the result of the invention it is thus possible to 

produce elastic complex molded structures with com 
plete freedom from the disadvantages of the so-called 
"wet assembly' process and from the disadvantages of 
the process of the injection of a foam core. Moreover, 
the present invention is particularly advantageous for 
the production of strips, beams, or any structure sub 
jected to stresses of great amplitude, where very slight 
or even zero permanent deformation is desired. 

In the description and claims the expression "non 
tacky'. designates a material which at ambient tempera 
ture does not adhere to the fingers. 

Advantageously, in practice: 
close to the face intended to come into contact with 

the cover a superimposition similar to that mentioned 
above is deposited, comprising a second stiffening ele 
ment and a second semirigid reinforcing textile sheet, 
likewise preimpregnated with a solventless, non-tacky 
epoxy resin whose adhesive and stratification properties 
in relation to the polyurethane foam are developed by a 
rise in temperature, in such a manner as to define the 
aforesaid volume which is to be injected; 

the reinforcing textile sheet is selected from the group 
comprising unidirectional sheets, bidirectional sheets: 
cloths, fabrics, nonwoven netting, knitted-stitched 
sheets, and is composed of high mechanical perfor 
mance mineral or synthetic fibers selected from the 
group comprising glass, boron, carbon, the polyara 
mides, alone or mixed; 
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4. 
the reinforcing textile sheet is preimpregnated by 

passing a bidirectional cloth or an elementary unidirec 
tional sheet through a solventless bath of epoxy resin, 
then dried, and finally prehardened by maturing, for 
example at ambient temperature; 

the stiffening element is selected from the group con 
sisting of a steel plate, an aluminum based alloy plate, a 
phenol laminate, and a rigid prepolymerized laminated 
structure; 

in the case of a mold having the shape of a strip of 
rectangular cross-section the first reinforcing textile 
sheet and the first stiffening element are placed at the 
bottom of the mold, then rigid plates are deposited at 
right angles to this assembly, along the two side flanks 
of the mold, in such a manner as to form two edges, on 
which are laid the second stiffening element and the 
second reinforcing textile element; 

the rise in temperature due to the exothermic reac 
tion, which develops the adhesive properties, is supple 
mented by additional heating of the mold; 

the outer faces of the first and second preimpregnated 
reinforcing textile sheets are covered with a sheet of 
plastic material. 

In an alternative embodiment the preimpregnation of 
the reinforcing textile sheet may be effected in situ by 
placing in the mold a stack of textile sheets and sheets or 
films of epoxy resin, which are then dispersed into the 
textile sheet when the temperature is subsequently 
raised. 

In another variant, an apertured tubular reinforcing 
textile structure may likewise be placed in the interior of 
the mold. In this way, this structure is embedded in the 
expanded core and generally assumes a cylindrical or 
ovoid section, thus providing the molded structure with 
longitudinal torsional strength and improving lateral 
flexural strength. 

In another embodiment the structure may contain 
viscoelastic elements absorbing vibrations, such as for 
example a sheet of elastomer, which optionally are lo 
cated in appropriate positions, for example inside the 
core, or else between the stacks of reinforcing sheets, or 
in these reinforcing sheets. This configuration is advan 
tageous when selective damping of certain vibratory 
modes inherent to the structure is desired, as for exam 
ple in the manufacture of skis. 
BRIEF DESCRIPTION OF THE DRAWINGS 

The manner in which the invention may be put into 
practice and the advantages which result from it will 
emerge more clearly from the examples of embodiment 
given below by way of indication and without constitut 
ing a limitation, in conjunction with the accompanying 
drawings. 

FIG. 1 shows schematically in section an injection 
mold according to the invention. 
FIG. 2 is an exploded schematic view of a ski con 

structed in accordance with the present invention. 
FIG. 3 is a cross-section of a ski according to FIG. 2. 

DETAILED DESCRIPTION OF THE 
INVENTION 

EXAMPLE 1. 

Use is made of a mold, for example of steel, consisting 
of a parallelepiped (1) of 300x8x3 centimeters, closed 
by a cover (2) and having a setback (3) on the top. 

In the bottom (4) of this mold and in the setback (3) is 
placed a stack of three preimpregnated fabrics (5) and 
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(6) respectively, consisting of knitted stitched glass fibre 
material (trade mark ROVINAP of Etablissement Les 
Fils d'Auguste Chomarat, Mariac, France), with a 
weight of about 730 grams per square meter, dip preim 
pregnated with a solventless bisphenol A based epoxy 
resin containing a hardening agent, such as an aliphatic 
amine. The resin content expressed as resin in relation to 
total weight of fabric-resin is about 25% after expres 
sion by means of squeeze rollers. 
This preimpregnated material (prepreg) is stored at 

ambient temperature (25') for about five hours to ensure 
the maturing of the epoxy resin. A dry impregnated 
fabric, that is to say one which is not tacky, is obtained, 
which is easily cut into bands and which can be stored 
several days at ambient temperature, or even several 
weeks at 5 C. 
By way of a channel (7) provided for the purpose in 

the walls of the mold the monomers making it possible 
to prepare the rigid expanded resin (10) in situ in the 
mold are injected from two pipes (8) and (9) respec 
tively in a high pressure mixer head. A polyol is for 
example injected at (8) and an isocyanate at (9) in order 
to obtain a core (10) of cellular polyurethane which is 
rigid after expansion and hardening. 
When the reaction is initiated in situ in the mold, foam 

is formed which tends to occupy the entire volume 
available and thus to press the cloths (5, 6) against the 
top and bottom walls (2) and (4) respectively. Further 
more, and above all, this reaction is exothermic. The 
reaction is allowed to continue until the foam is ex 
panded and starts to harden. During this exothermic 
phase the impregnating epoxy resin of the reinforcing 
sheets (5, 6) is thus softened. This exothermic action 
then heats the mould and causes the impregnating 
epoxy resin to assume the liquid state, thereby develop 
ing the adhesive and wetting properties of this resin and 
achieving good lamination of the assembly. 
The temperature is maintained for a few minutes in 

order to achieve satisfactory hardening. 
After cooling, the mold is emptied. In this way strips 

of 300x8X3 centimeters are obtained which are per 
fectly suitable as flexion strips. 

It is obvious that the foam may be injected either on 
one side or at one end of the mold. 

EXAMPLE 2 

Before the first resin (10) is injected, a conductive 
metal plate (12) of aluminum alloy known as ZICRAL 
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(registered trademark of CEGEDUR) of a thickness of 50 
1.5 millimeter is interposed on the stack of preimpregna 
ted cloths (6) disposed at the bottom (4) of the mold (1). 
This type of an isotropic reinforcement will increase 

the torsional and the longitudinal and transverse flex 
ural rigidity of the beam produced in this manner. 

EXAMPLE 3 

Example 1 is repeated, but inserting a highly aper 
tured tubular textile element (14) into the mold before 
the injection of the first resin (10). 

After injection of the resin (10), a reinforcement (14) 
of avoid shape is thus obtained in the interior, thereby 
improving longitudinal torsional strength and lateral 
bending strength. 

EXAMPLE 4 

During the production of the knitted-stitched rein 
forcing material (5, 6) a viscoelastic elastomer thread 
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6 
having a high coefficient of damping is periodically 
inserted into said material. 

Strips suitable for replacing steel spring leaves for 
automobiles are thus obtained. 

EXAMPLE 5 
Example 1 is repeated, but inserting, before the injec 

tion of the foam (10), between the top stack (5) and said 
foam (10) a viscoelastic elastomer sheet having a high 
coefficient of damping. 

Strips particularly suitable for the automobile indus 
try are thus obtained. 

EXAMPLE 6 

A ski is produced in accordance with the present 
invention, its main component parts being shown in 
FIG. 2. A polyethylene sole (15) of a thickness of 10 to 
12 tenths of a millimeter is first placed at the bottom of 
the mold. Steel edges (16) and (17) are placed above this 
sole, one on each side of the side walls of the mold (1), 
and are held in place in known manner, for example by 
means of permanent magnets (not shown) situated 
under the mold. 
A rigid preimpregnated reinforcing sheet (18) is then 

placed above the assembly formed in this manner, said 
sheet being made of a knitted-stitched glass fiber cloth 
(registered trade mark ROVINAP) dip impregnated 
with an epoxy resin. As in Example 1, this preimpregna 
ted fabric had previously been stored at ambient tem 
perature for about five hours in order to ensure the 
maturing of the epoxy resin, so as to obtain a dry, non 
tacky impregnated fabric. A strip (19) of ZICRAL of 
dimensions similar to those of this reinforcing preim 
pregnated fabric sheet (18) is then placed over the latter. 
This strip (19) is held and pressed firmly against the 
sheet (18) by means of longitudinal metal rods (not 
shown) held in place, once again, by means of perma 
nent magnets situated under the mold. 
Another strip (21) of ZICRAL having characteristics 

similar to the ZICRAL strip (19) is then placed on a 
setback (20) in the mold (1). 
Above this strip (21) is placed another semirigid rein 

forcing sheet (22) preimpregnated with epoxy resin and 
having the same characteristics as the sheet (18). 

Finally, above this sheet is placed a strip (23) of ABS 
(acrylobutylstyrene) resin, which is intended in particu 
lar to serve as decoration support for the ski. 
Two edges (24) and (25), for example made of poly 

ethylene, ABS, phenolic resin or the like, are also 
placed on the side faces of the space left free between 
the two ZICRAL strips (19, 21) and against the walls of 
the mold. 
As in Example 1, monomers enabling the polyure 

thane resin to be prepared are then injected from a duct 
provided in the mold. The reaction, which is initiated 
in-situ, first brings about the expansion of the foam, 
which has the consequence of pressing the fabric (18) 
and strip (19) on the one hand, and the strip (21) and 
fabric (22) on the other hand respectively against the 
bottom and top walls of the mold. Furthermore, the 
heat liberated by this polymerization reaction gives rise 
to the cross-linking of the epoxy resin contained in the 
sheets (18) and (22), thus making it possible to effect on 
the one hand the adhesion of the ZICRAL strips (19) 
and (21) to the sheets (18) and (22), and on the other 
hand the adhesion of the polyethylene sheet (15) to the 
sheet (18) and the adhesion of the ABS sheet (23) to the 
sheet (22). 
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The complete cross-linking of the epoxy resin con 
tained in the sheets (18) and (22) is achieved by addi 
tional heating of the mold. 

After the molds have cooled, a ski is obtained which 
has excellent flexural properties. 

EXAMPLE 7 

Example 1 is repeated replacing the three prepreg 
sheets (5, 6) with three of these dry sheets in alternation 
sandwiched between three epoxy resin films 0.5 mm 
thick. 
When the temperature is increased, the resin melts 

and impregnates the sheets in situ. Results similar to 
those of Example 1 are obtained. 

It is obvious that the symmetrical structure thus de 
scribed may be somewhat modified. Depending on the 
wishes of the user, the present invention in fact is per 
fectly applicable to the production of a structure whose 
symmetry may, for example, be reversed. This structure 
is then made in a form containing, in succession, a stiff 
ening element, particularly of Zicral, then a preimpreg 
nated reinforcing sheet, then the polyurethane core, 
followed by another preimpregnated reinforcing sheet, 
and finally another stiffening strip. In another embodi 
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ment it is quite conceivable to envisage, on each side of 25 
the polyurethane core, a structure comprising respec 
tively a stiffening element enclosed between a plurality 
of preimpregnated reinforcing sheets, or else a regular 
or irregular alternation of preimpregnated reinforcing 
sheets and stiffening elements. 

In another embodiment it is also possible to envisage, 
within a parallelepipedic mold, the presence of an im 
pregnated reinforcing sheet on three faces of the mold 
and the positioning, by the means previously described, 
of a stiffening strip-in this particular case of Zi 
cral-on only one of these faces. 
The examples described in the foregoing description 

mention only strips of parallelepipedic shape, but it is 
obvious that any cylindrical polygonal U or V shape is 
within the scope of the present invention. 
The process according to the invention offers numer 

ous advantages over the techniques employed hitherto. 
The following may be mentioned: 

the fact that dry, non-tacky parts are used, which are 
therefore easy to handle, so that the process can be 
automated; 

the absence of solvent in the resin impregnating the 
sheets, which facilitates the operations, simplifies the 
impregnation installation, and thus reduces investment 
costs; 
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8 
simplicity, because a finished object is produced in a 

single operation, thus achieving an appreciable saving 
in respect of molds; 

the ease of incorporating inserts or of covering the 
different side faces of the composite structure. 

In this way, as already stated, this process can advan 
tageously be used for the production of rigid or flexural 
strips or beams, particularly when stiffness associated 
with lightness, or else flexibility associated with 
strength and lightness, is desired. 

Strips or beams of this kind may have numerous ap 
plications, particularly in the automobile industry, in 
the aerospace industry, in aeronautics in sport (tennis, 
squash or badminton rackets, ski poles, skis, and so on), 
in building and public works, for the production of 
panels and frame members, particularly self-supporting 
members in the electrical industry (for the production 
of sheathing, insulating lines), and so on. 
We claim: 
1. A process for molding a reinforced ski of the sand 

wich type that includes the steps of 
pre-impregnating a reinforcing textile sheet contain 

ing reinforcing fibers by passing said sheet through 
a solventless bath of epoxy resin; 

drying and pre-hardening said sheet to a non-tacky 
state by maturing said sheet at ambient temperature 
so that the sheet can be handled without adhering 
to handling equipment; 

forming said sheet to a desired shape and placing the 
sheet and a stiffening member in contact against a 
first wall of a mold cavity to form an assembly; 

closing the mold cavity to establish a volume behind 
said assembly; 

injecting a polyol component and an isocyanate com 
ponent into said volume so that they react exother 
mically to produce a polyurethane core having a 
temperature high enough to cause cross-linking of 
said epoxy resin; 

allowing the core to expand into contact against said 
assembly to effect a cross linking rise in tempera 
ture of said epoxy resin in said impregnated textile 
sheet to develop its wetting and adhesive proper 
ties so that the core, and the reinforcing sheet are 
bonded together about the stiffening member into a 
sandwich-like structure as the epoxy resin and core 
cure, to a solid intimately physically and chemi 
cally linked structure; and 

removing the structure from the mold cavity after the 
core and epoxy resin have at least partially cured. 
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